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Abstract
In industry the key to excellent products is continual process improvement. Although process improvement
is a timely procedure, results can be actualized through quality management and engineering concepts.
This paper will analyze the production start-up of a copier frame and will further utilize process
improvement strategies to improve the production process. The improvement strategies will include frame
redesign, avoidance of material warpage due to welding, total quality management, as well as statistical
process control guidelines.
The frame redesign will look at eliminating unnecessary piece parts and reducing the overall production
time and cost of the frame. This analysis will be conducted with the aid of Boothroyd and Dewhurst's
(BDI) Design for Assembly (DFA) software.
Next finite element analysis (FEA) and heat transfer techniques will be utilized to examine the warpage
that the frames experience from welding. Algor SuperSap will be the software package utilized for the
FEA.
Finally, total quality management (TQM) and statistical process control (SQC) procedures will be
examined. The best practices for this application have been implemented or will be recommended for
future implementation.
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Chapter 1: Introduction
The introduction of a new product means that robotic weld programs must be developed. With any new
product there are new obstacles. For the production of business machine frames there are several steps that
occur when a new product is to be produced. Since the method of production, material, fixtures, and parts
have already been specified, it is the job of the fabrication/manufacturing department to manufacture the
business machine frame as specified.
Most recently the product that was to go into production was a new model of a business machine frame.
This frame was to be produced by robotically welding zinc plated steel piece parts together. Sixteen piece
parts were to be welded into three separate sub-assemblies before placing them into the final fixture, along
with the three remaining piece parts, to be welded into the final frame.
Utilizing the piece parts and fixtures, the best location and sequence for the welds needed to be determined.
Although the prints call out the general location of the welds, the location needed to be narrowed down.
Determining the weld location was accomplished by looking at how the piece parts and sub-assemblies fit
into the fixtures. The fixtures were quite large which made it difficult to fit the weld torch into many
locations. After careful examination, the most feasible locations were determined and marked.
The next step was to determine the sequence in which to weld the parts. Currently, there are no manuals or
references that describe the order in which welds should be placed. Since there are no manuals for weld
sequence, welds are sequenced by logic, experience, and experimentation.
Once the sequence and locations were determined the robots were programmed to weld the sub-assemblies
and frames together. The programs were created by teaching the robots sequential points in space. These
points were create by utilizing a teach pendent. A teach pendent is a controller that allows the operator to
move the robot to specified points in space. The operator can save these points by using the teach pendent.
The speed of the robots and type of movement, i.e. linear or spherical, can also be controlled and saved
with the teach pendent. By saving various points in space, the operator essentially creates a path of
movement for the robot to follow. Welds can be included in this path. Welds are created the same way
position points are created, the operator simply moves the robot to the desired position and pushes the save
position button. The weld parameters, voltage, amperage, wire feed speed, and travel speed, can all be
adjusted using the teach pendent. Through these intricate number of steps, a program can be completed.
Other important factors that are also included are: a home position, a position that the robot always returns
too at the completion of a program; and a transport call, a signal is sent through the I/O board to call the
carriage to pick up the fixture.
The weld programs are generally created with the robot moving at a reduced speed. The speed reduction is
used as a safety mechanism, since the operator is physically located quite closely to the moving robot.
Other safety features include a dead man switch and an emergency stop button. The dead man switch is
located directly on the teach pendent. The switch must be partial pressed in for the robot to move. If the
switch is fully depressed or released the robot will stop automatically. The emergency stop button is also
located directly on the teach pendent. If the emergency stop button is depressed all robots in all the cells,
and the transport mechanisms stop.
Once the programs have been completed, they must be "debugged", that is any errors must be corrected.
The programs are debugged by running the robots at full speed while welding. Once the frame has been
fully welded, the welds are checked for location accuracy and defects. If weld defects or location errors are
detected, the robotic program is adjusted accordingly. The frames are further checked for dimensional
accuracy. The dimensional specifications are measured by a coordinate measuring machine (CMM).
Deviations from nominal specification are dealt with by adjusting the fixture. The fixture is adjusted by
moving the various datum points that hold the frame in place. The fixture adjustments may alter the weld
locations. When this situation occurs, the program must again be adjusted. The programming and
debugging of the business machine frames was an extremely lengthy process, especially because there were
a total of four fixtures that each needed to be individually programmed. Appendix A contains two
examples of the programs created for the fixtures. One program demonstrates the program for the sub-
assembly and the other is for the final assembly. From these examples it is easy to see that number of steps
required for the robot to move through its program can become quite lengthy. The entire process of
determining weld location, programming and debugging took approximately three months. However,
updating and changing weld parameters occurs on a continual basis.
1 . 1 Opportunities to Enhance the Current Process
Working with the current process allowed me to observe several opportunities for process enhancement.
The first opportunity was discovered while working with weld parameter, sequence, and location
determination. As just discussed, the method used for determining weld parameters, sequence, and location
is normally determined by logic, experience, or experimentation. A simpler most efficient method for
determining these factors would drastically decrease the amount time necessary for their determination. A
new method will be examined in Chapter 3: Finite Element Analysis.
The second opportunity for process improvements was observed from the long cycle time required to build
the frame. The cycle time required to build a single frame was almost 14 minutes. The lengthy cycle time
could be attributed to the fact that two separate welding and assembly operations were required to
manufacture a single frame. I decided to investigate the possibility of reducing the process down to one
assembly and welding sequence. This reduction will be analyzed in Chapter 4: Design for Manufacturing
and Assembly.
The third and fourth opportunities for process enhancement were based on the need for quality control and
continual process improvement. Although a statistical method of process control was being utilized, I felt
integrating various statistical concepts could refine the current process. The concepts utilized are total
quality management and statistical process control. The areas will be discussed in Chapter 5 and Chapter 6,
respectively.
Overall, this paper will analyze and discuss each of the above enhancements and their effects on the
business machine frame.
Chapter 2: Literature and Software Search
During fall quarter of '97 I conducted a traditional literature search for which I have an extensive file.
However, this material was not specific enough for this particular project. Although I could write several
pages on this search and additionally list many sources, the writing would only be in vain for I did not
utilize this information. Furthermore, listing these sources would only waste the reader's time and mislead
the reader to believe that this material was pertinent. Therefore, my conclusion is the material currently
available on my topic is extremely limited or not applicable.
Since the literature search did not prove to be a useful tool for this particular subject, I decided to take
several courses that closely related and were of relevance to the thesis topic. These courses were Quality
Engineering, Quality Management, and Design of
Experiments1 In addition, I had previously taken
Design for Manufacturing and a Finite Element Analysis course . The corresponding text and/or software
utilized in these courses are referenced further in this section. References and research information are
provided throughout this paper as they apply in the appropriate sections.
Since I was interested in developing process improvement strategies for the business machine frame, I
utilized the various skills and knowledge from my class experiences listed above and applied it to the
manufacturing process. In order to accomplish the process improvement development, I needed to
determine the appropriate methods of analysis necessary. First I needed to determine what method of
analysis I would use for the redesigned frame. Secondly, I needed to decide how I would analyze the
welding of the frame. In addition, I needed to investigate the various methods available for total quality
management and statistical process control and determine which methods best applied to manufacturing of
a business machine frame.
For the redesign of the frame I utilized my previous class experience in Design for Manufacturing to
determine which software would be most appropriate. I had utilized both the
SEER3
software and
Boothroyd and Dewhurst's BDI4 software. I found that the BDI software analyzed the part function and
capabilities better than its competitor. This software seemed to provide more accurate results than SEER.
In addition, the BDI software was easier to use and its printouts were simple and informative. A third
deciding factor for the use of the BDI software was the fact that the company that manufactures the
business machine frames, currently has a license for the software. Therefore, procurement and
implementation into the necessary departments would not be extremely difficult.
Throughout the investigation of the redesign, I continually referred to the DFMA book written by
Boothroyd and Dewhurst5 Because they also designed the software, the book followed the same logic and
worked in conjunction with the software. Therefore, using the combination of both the book and the
software proved to be very helpful.
The welding analysis of the frame required both experimental results as well as predicted calculations. For
the experimental results Algor SuperSap6 was utilized. This particular software was utilized because it is
relatively easy to use and could be integrated into the manufacturing environment. My previous class
experience with Algor proved it to be a useful tool. The software is fully capable of modeling and
analyzing heat transfer. Algor allows the user to input the various boundary conditions associated with the
actual test. In addition, Algor provides both deformation and heat transfer results. These results could then
be compared to actual experimental results. The experimental and predicted results were then input into
Microsoft Excel7.
Microsoft Excel is a standard tool that is common in the work place today. Most graduates are familiar
with using this software. I have been using Excel for several years and have found it to be user friendly.
The software is capable of creating graphs and fitting curves to the graphs. The software was used for
these two functions. Excel provided comparative graphs that could be easily read.
In order to familiarize myself with total quality management and statistical process control techniques I
took the corresponding courses, Quality Management, Quality Engineering, and Design of Experiments.
Through the courses I became more familiar with how to identify quality issues. I also learned the
techniques to improve the issues. In addition, I learned various methods of implementation. The text
books for the courses aided in my knowledge of the three subject areas. These textbooks were Total
Quality Management: Three Steps to Continuous Improvement8, Quality Planning and Analysis , and
Design of Experiments corresponding to Quality Management, Quality Engineering, and Design of
Experiments, respectively. In addition, I utilized the concepts to research various quality improvement
books in the library. These books are referenced throughout Chapters 5 and 6. The knowledge gained
from the various text books and classes enabled my to determine the methods that were most applicable to
process improvement for the production of the business machine frame.
The research in each of these areas allowed me to successfully determine appropriate techniques for
process improvement strategies for the business machine frame.
Chapter 3 : Design forManufacturing
3.1 Introduction
Throughout my co-op experiences I have found Design for manufacturing (DFM) to be an extremely
important part of any product design. When a product is designed the method of and the ease of production
should be a major consideration in the design process. The more simplified the design, the easier the
product is to manufacture. Thus, designing a product that is easily manufactured can save time and
resources.
For the business machine frame DFM was not used as part of the design process. As a result the cycle time
to manufacture a single frame is almost 14 minutes. The long cycle time can be attributed to the fact that in
order to produce a single frame three sub-assemblies must first be welded before placing them in the final
fixture to be welded. This lengthy process means that fewer frames can be produced in a single shift.
Therefore, more operators, fixtures, and shifts must be added to produce an adequate number of frames.
The addition ofmore operators, fixtures, and shifts results in an increased cost to the organization, which in
turn results in an increased cost to the customer, a cut in profits, or a combination of the two.
In addition to the increased cost due to lengthy cycle time, the material used to make the piece parts has
several inherent problems that make it difficult to manufacture frames. Therefore, the material used also
increases the overall cost of the frame. The material selection analysis will be discussed in section 3.5.
3.2 BriefHistory
"DFMA began to be taken seriously in the early 1980's. Industries began to realize significant results by
reducing the number of significant parts. The DFMA methodology provides three criteria against which
each part must be examined as it is added to the product during assembly:
1 During operation of the product, does the part move relative to all other parts already assembled? Only
gross motion should be considered- small motions that can be accommodated by integral elastic
elements, for example, are not sufficient for a positive answer.
2 Must the part be of a different material than, or be isolated from, all other parts already assembled?
Only fundamental reasons concerned with material properties are acceptable.
3 Must the part be separate from all other parts already assembled because otherwise necessary assembly
or disassembly of other separate parts would be
impossible?" "
By applying the three preceding questions to each piece of an assembly, unnecessary parts can be
systematically eliminated. Parts should be considered for elimination through redesign if the response to
each of the three questions is no. If the response to any of the three questions is yes then there is a
significant reason to keep the part as it is deemed necessary, although the part can still be considered for
redesign by combining it with other adjacent parts. Throughout the redesign of the business machine
frame, I will be applying this methodology to each of the individual piece parts in order to determine which
parts should be redesigned.
3.3 Reasons for not implementing DFMA
Although the DFMA methodology is a systematic approach that allows designers to reconsider their
designs, implementation of DFMA frequently sees a great amount of resistance. According to Boothroyd
and Dewhurst there are twelve main reasons why DFMA meets resistance from designers and
management. These twelve reasons are as follows:
1 No Time
2 Not Invented Here
3 The Ugly Baby Syndrome
4 Low Assembly Costs
5 Low Volume
6 The Database Doesn't Apply to Our Products
7 We've Been Doing It For Years
8 It's Only Value Analysis
9 DFMA Is Only One Among Many Techniques
10 DFMA Leads to Products That Are More Difficult To Service
1 1 I Prefer Design Rules
12 I Refuse To Use DFMA
No Time
The most common complaint among designers is that they are already under time constraints to produce
designs, so how could they have enough time for another process? However, this problem can be counter
acted by looking at the big picture. Products that are poorly designed only cost money in the long run.
Therefore, spending more time on the initial design will save time and money further down the line. In
addition, if managers support their employees by allowing them more time to analyze the design utilizing
DFMA, the employees will feel more comfortable taking the time to implement the new method.
Not Invented Here
In the work environment employees often have a hard time adapting to new processes, especially those that
management implements and forces them to follow. Therefore, when a new design technique, such as
DFM, is introduced the concept should not be "forced down the designers
throat"
so to speak. Instead, the
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implementation of new techniques should include the input of the employees that will be utilizing it. If the
designers are allowed to participate in the decision making process they are more likely to accept the new
techniques. Only when this situation occurs will the "designers feel that they
"invented"
or "thought of
the idea of applying
DFMA"13
and they will be willing to utilize the software to its full potential.
The Ugly Baby Syndrome
From my experience the "ugly baby syndrome"is a very common difficulty that industry faces. Ugly baby
syndrome occurs when the design engineers design a product and someone from an outside organization
criticizes it. The criticism may originate when an error is discovered. The situation is intensified when an
individual, other than the original designer, redesigns the product so that its more efficient. When the
designer is informed that their design can be improved, they can become quite defensive and resistant to the
idea of changing their design. "Telling a designer that their designs could be improved is much like telling
a mother that her baby is
ugly,"14hence the name ugly baby syndrome. For this reason designers should be
highly involved in the redesign and analysis of their design. Providing them with the tools for redesign
improves the likelihood that they will review and accept changes to their design.
Low Assembly Costs
According to Boothroyd and Dewhurst the assembly costs for a manufacturing process only account for a
small percentage of the total manufacturing
costs.15For this reason many designers and manufacturers do
not think that it is necessary to perform a design for assembly analysis. However, because DFA examines
what parts are necessary versus those that could be eliminated, the use of DFA frequently sparks new ideas
that can reduce costs in other areas as well. For example, if several independent piece parts are replaced by
a one piece assembly, a cost savings can be noted by the elimination of fixtures, etc.
Low Volume
Frequently an argument appears with regards to production volume. Many people feel that time should not
be
"wasted"
on utilizing DFMA if only small amounts of production are expected. However, when a
product will only see low volume production it is still extremely important DFMA is used. From
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experience I have found that the most expensive products to produce are those that will be produced in low
quantities. The reason for this is because tooling and fixture expense is divided by the number of parts that
are to be produced. Therefore if only a small amount of product is to be produced, the price for a single
piece goes up. For this reason it is very important that unnecessary parts are eliminated and consolidated
through the use ofDFMA.
The Database Doesn't Apply to Our Products
According to Boothroyd and Dewhurst: "Everyone seems to think that their own company is unique and,
therefore, in need of unique databases. However, when one design is rated better then another using the
DFA database it would almost certainly be rated in the same way using a customized database.
Remembering that there is a need to apply DFMA at the early design stage before detailed design has taken
place, there is a need for a generalized database for this purpose. Later, when more accurate estimates are
desired, then the user can employ a customized database if
necessary."16
We've Been Doing It for Years
When a company claims that they have been implementing some type of DFMA "for
years"it is important
that the methods being used are ones that not only look at ease ofmanufacturing but also ease of assembly.
As discovered by Boothroyd and Dewhurst17, many companies look at reducing the number of steps needed
to manufacture a part but then include more steps to assemble the parts. The extra steps needed for
assembly results in a greater cost than producing a single more complicated part that was manufactured.
"Therefore, [whenever a company claims that they have] been implementing DFMA for some time, this
should be taken with a very large pinch of
salt."
It's Only Value Added Analysis
Value added analysis and DFMA are considered to carry out the same primary function, i.e. looking at the
individual piece parts value as part of the overall product. However, DFMA helps designers to review their
product design at the various levels of design. In addition, DFMA helps to simplify product design. This
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simplification results in cost savings and product improvements that are over looked by just applying value
analysis.
DFMA Is Only One Among Many Techniques
"Since the introduction of DFMA, many other techniques have been proposed, for example, design for
quality (DFQ), design for competitiveness (DFC), design for reliability, and many
more."19Each of these
techniques addresses specific issues such as improved quality or product competitiveness. However,
because the nature of DFMA is to simplify product assembly and manufacturing, improved quality and
competitiveness naturally follow. These improvements can be attributed to the fact that DFMA reduces the
number of parts a product requires and makes assembly simpler. Therefore, there is less chance that
assembly errors will occur. In addition, the simplification means the product should cost less, thus
improving product competitiveness. Therefore, when DFMA is utilized it inherently applies the other
techniques.
DFMA Leads to Products That Are More Difficult to Service
When this statement is posed it should be noted that a product that is easy to assemble is generally easy to
disassemble. Furthermore, if product continually requires extensive servicing, the product should definitely
have DFMA applied to determine how to eliminate the parts that require servicing.
I Prefer Design Rules
Design rules are useful when applied correctly. However, some design rules simplify manufacturing
procedures while increasing assembly requirements. As stated earlier, this method can result in increased
product cost. DFMA is a systematic approach that includes important design considerations "while
[guiding] the designer to simpler product
I Refuse to Use DFMA
As stated previously, this attitude is frequently encountered when DFMA is implemented. When this
attitude is encountered the individual will find just about any reason for not using the tool and make sure
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that it does not work for them. For this reason management must support the implementation of the new
tool by providing facilities and incentives necessary to motivate the designers to use DFMA.
3.4 Advantages ofDFMA
Although many designers may initially reject DFMA, for the reasons listed above, there are several
advantages that help to overcome these reasons. The first advantage of DFMA is that it "provides a
systematic procedure for analyzing a proposed design from the point of view of assembly and
[manufacturing]." 21 This systematic procedure assists the designer in viewing the product not only from a
design stand point, but also from the manufacturing and assembly stand point. Because the designer begins
to view their designs in this new manner, designs are simplified for manufacturing and assembly.
Generally the cycle time and number of parts is reduced, which results in lowered product cost.
The second advantage that results from the use of DFMA is teamwork and concurrent engineering.
Because DFMA requires the designer to analyze their design from a manufacturing and assembly stand
point, DFMA encourages communication between these individuals.
Finally, DFMA results in an astonishing cost savings for companies who use it. DFMA requires designers
to review their design early in the product life. This early analysis allows for design changes before the
product goes into production, thus saving the company large amounts of money. In addition, DFMA helps
to reduce the number of parts required and the overall cycle time. These reductions result in product cost
savings.
14
3.5 Implementing DFM to Redesign the Business Machine Frame
From the advantages discussed above it is easy to see that DFMA can save corporations large amounts of
money. Because of the cost savings that result from DFMA, I decided to utilize the process for frame re
design. The following section will examine the redesign of the business machine frame.
There are several steps that must be taken in order to effectively use DFM. The following steps are listed
in the order that they are required to be implemented in:
1 ) Analysis ofOld Design
a) Ease of part Handling
b) Ease of part insertion
2) Ask the three questions to determine whether or not a part is necessary
3) Redesign the product eliminating as many parts as possible
4) Analysis of new design
a) Ease of part Handling
b) Ease of part insertion
c) Efficiency of assembly
5) Compare the new design with the old design
a) Cycle time
b) Cost savings
3.5.1 AnalysisOfOriginal Design
When redesigning a product, the original part must first be analyzed for its ease of assembly and
manufacturing. This task can be accomplished through the use of Boothroyd and Dewhurst's DFMA
software (BDI). The software is utilized by first entering the names of all of the individual piece parts,
subassemblies, and operations. For the original frame design there were a total of three sub-assemblies
15
comprised of 16 piece parts and three welding operations. The three sub-assemblies added with the piece
parts and a welding operation created the final assembly. Please refer to Figure 3.1 for a perspective
drawing of the frame and Table 3.1 for the assembly structure chart. This chart contains the names and
assembly order of the parts and operations.
Figure 3.1: PerspectiveDrawing ofOriginal Frame
16
Table 3.1: AssemblyStructureChart forOriginal Design
DESIGN FOR ASSEMBLY STRUCTURE CHART REPORT
Rochester Institute of Technology, Mechanical Engineering PC Lab
Frame [ORlG!N_5.DFA]
Date of printing: 4:29pm Sat Apr 25, 1998
< /-Part, : j=Subassembly/PCB, Q >=Operation, IX ^Excluded, j r =Children hidden, I ^Children visible
Time shown in seconds, Filter None
(1) Frame 616.90
1.1 (2) Upright 11.30
-/ \
-A\
2.1 Right Support Rail 960 1 11.60 j
22 Left Support Rail 850 2 29.20
23 Top Plate 290 1 8.90
2.4 Top Locating Rail 950 1 7.40
2.5 Bottom Horizontal Rail 140 1 9.60
2.6 FrameWelding (upright) 17 51.00
1.2 (3) Ladder 11.30
A
3.1 Support Rails 930 3 22.20
3.2 Front Post 280 1 11.60
3.3 Rear Post 920 1 11.60
3.4 FrameWelding (Ladder) 16 J 48.00
1.3 (4) Base 7.60
A
A)
4.1 Long Rail W/Cerrter Hole 831 1 8.90
4.2 Center Plate 860 1 6.90
4.3 Long Rail W/offset Hole 881 1
2
7.40
17.004.4 Side Support 870
4.5 FrameWelding (base) 20 60.00
1.4 FrameWelding (frame) 26 104.00
1.5 Frame Cleaning/Touch-Up 3 135.00
1.6 Center RA1I 840 1 8.90
1.7 Bottom Support 940 1 9.90
1.8 Back Plate 841 1 15.60
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The next step to utilizing the software is to analyze several issues regarding ease of assembly. These issues
address questions such as handling and insertion difficulties too the size and weight of the parts. The
questions are applied to each of the piece parts, sub-assemblies, and operations. The following list
represents the issues addressed by the BDI software:
1 . Number of times the operation is carried out consecutively.
2. Handling difficulty (includes size and weight).
3. Manual handling time per part.
4. Insertion difficulties.
5. Manual insertion time per part.
6. Operation time in seconds.
7. Operation costs.
8. Theoretical minimum number of parts.
9. Part cost.
10. Tooling cost.
Appendix B details the responses as entered into the BDI software.
Once these issues have been addressed, the BDI software automatically calculates the total time and cost
associated with assembling the frame. The total assembly time and cost calculated for the original design
was approximately 10 minutes $66.14, respectively. The summary sheets containing part names, times,
costs, and parameters are located in Appendix C. In addition, ergonomic problem areas, re-design
suggestions, and additional BDI calculations can be found in Appendix D.
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3.5.2 Analysis of the Frame Redesign
After analyzing the original design, I realized a great deal of time, and subsequently money, was spent on
welding three separate sub-assemblies and then welding those together to produce a frame. For this reason
I examined the possibility of combining the individual piece parts in each of the subs into one part.
Because the piece parts are currently manufactured from stamped steel, I felt that stamping individual subs
would be a good process. Keeping this concept in mind I first started with the sub that I refer to as the
ladder assembly. I took the measurements of the individual piece parts and then the measurements of the
sub as an assembly. From the measurements I found that it would be possible to blank and press the entire
sub as one part. To verify my concept I first drew out what the part would look like in a perspective
drawing (Figure 3.2). Next, I drew how the sub would look if it was laid flat on a sheet of steel before
blanking. Figure 3.3 demonstrates the cuts and bends that would be necessary to create a one-piece sub.
Finally, I cut a paper model out of the flat drawing. The paper model was utilized to demonstrate that the
cuts and bends were placed correctly. Furthermore, the model provided the visualization necessary to
prove that a one-piece sub could indeed be manufactured. By utilizing this method I was able to reduce the
ladder assembly from five parts to one single part.
Figure 3.2 : Figure 3.3 :
PerspectiveDrawing of theLadder Redesign* Blanking Drawing of theLadder Redesign*
= rf
A
->4U
:P
"A-H1
* Please Refer toAppendix E forLarger Drawings
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I then used the same process to re-design the base. Figure 3.4 and Figure 3.5 are the perspective and
blanking drawings for the re-designed base. I was able to reduce the base from five parts to one part.
Figure 3.4: Figure 3.5:
PerspectiveDrawing of theBase Redesign* BlankingDrawing of theBase Redesign*
A
* PleaseRefer toAppendix E for Larger Drawings
The next area I examined for re-design was the upright sub-assembly. I reviewed the possibility of
manufacturing the sub from a single sheet of steel as done for the other two, however, the dimensions of the
individual piece parts prohibited from doing so. Because re-designing the upright sub into a single piece
was not feasible, I decided to investigate the possibility of combining some of the piece parts.
After careful examination of the remaining upright piece parts and final piece parts I discovered that the top
plate, located on the sub-assembly, and the backplate, put on in the final assembly, could be combined into
one piece. As before, the one piece assembly could be manufactured by blanking and pressing sheet steel.
I used the same method as previously described to verify the necessary cuts and bends. These drawings can
be found in Figure 3.6 and Figure 3.7. I decided that the rest of the piece parts could not be combined.
Therefore, the remaining piece parts were to keep their original shape.
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Figure 3.6: Figure 3.7:
PerspectiveDwg of theBackplate Redesign* BlankingDwg of theBackplate Redesign*
S
C
IZL
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~r~t *~
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T
* PleaseRefer toAppendix E for Larger Drawings
After I redesigned the frame, I then utilized the BDI software to analyze the re-design of the frame. The
same employed for the original design were utilized for the re-design.
3.5.3 Comparison between theOriginal Frame Design and theRe-design
The re-design of the frame significantly lowers the required assembly time as well as product cost. The
first thing that the major time reduction can be attributed to is the cutback in the number of parts required.
Because fewer parts are required, less time is spent inserting parts. The reduction in the total number of
parts also resulted in less money that is required for tooling expense. Although the tooling necessary for
the one-piece subs are expensive, the combined cost for the tooling required to manufacture the individual
piece parts is much greater.
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The redesign eliminates the separate subassembly operation. A total of 9 parts and three sub-assemblies
were eliminated. Please refer to Table 3.2 for the re-design assembly structure chart. The elimination of
the separate sub-assembly operation results in both cost savings and a time savings. Cost savings results
because the sub-assembly fixtures are no longer required. The time savings results because the operators
no longer have to load the subs. Furthermore, it is no longer necessary to robotically weld the subs,
therefore the cycle time is reduced.
The number of welds originally required was reduced from 79 welds to approximately 35 welds. The
decreased number of welds means that the cycle time also decreases. This fact can be seen by comparing
Tables 3.1 and 3.2. From the tables it can be seen that total cycle time to weld both the subs and the final
was 370 seconds. The time to weld the new frame assembly was only 160 seconds. The welding time was
reduced by over half the time. In addition to reduced cycle, the elimination of over half the welds means
that the probability that welds will need to be repaired has been reduced. The time reduction in cleaning
time was reflected under operation 1.11 Frame Cleaning/Touch-up in Table 3.2. The overall time for
cleaning was reduced by 90 seconds.
The walking distance originally required, between the subs and the final fixture, is eliminated. Therefore,
the cycle time in decreased.
Each of these changes resulted in an overall time savings of 250 seconds (4 minutes) and a cost savings of
$21.00. Further cost savings can be found by altering the method used to protect the frame against
degradation. Please refer to Table 3.3 for a comparison between the original design and the redesign.
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Table 3.2: AssemblyStructureChart for the Redesign
Date of printing: 4:40pm SatApr 25, 1998
y>=Part, | |=Subassembly/PCB, (^=Operation, [\ =Excluded, Hf ^Children
DESIGN FOR ASSEMBLY STRUCTURE CHART REPORT
Rochester Institute ofTechnology, Mechanical Engineering PC I
New Frame [NEW.3.DFA]
hidden, =Children visible
Time shown in seconds, Filter None
|'(1) New Frame 377 00
!1.1 New Ladder 800
> 1 1.2 New BackPlate 840
1 .3 New Base
1.4 Bottom Support 940
1 5 Center RAil 840
~v
/"
1.6 Right Support Rail 980
1 7 Left Support Rail 850
18 Top Locating Rail 950
1.9 Bottom Horizontal Rail 140
1.10 FrameWelding (frame)
1.11 Frame Cleaning/Touch-Up
14.60
20.50
13.30
15.80
14.80
20.50
41.00
17.00
17.00
157.50
45.00
Table 3.3: Comparison Between theOriginal Design and theRedesign
Total
Cost ($)
Total
Time
(min)
Total #
Piece Parts
# Sub
assemblies
Weld
Time
(min)
#Welds
Original
Design
$66.00 10 19 3 370 79
New
Design
$45.00 6 10 0 160 35
Difference $21.00 4 9 3 210 39
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Missing Page
material weight times the cost per pound. The following table, Table 3.4, lists the calculations used to
determine the material cost:
Table 3.4: Material Cost
Material Cost Material Weight 30% Increase for
Scrap
Total Cost
Zinc Plated Steel 55 Cents per
pound
161b 51b .55 * (16+5)=
$11.50
Non-Plated Steel 42 Cents per
pound
161b 5 1b (16+5)=
$8.75
Result
The non-plated steel will save approximately S2.75 per frame.
3.63 DieWare Cost
The dies used to produce piece parts for the business machine frames continually experience a zinc build
up. This build up must be removed on a monthly basis to ensure quality part production. The zinc removal
from the dies costs approximately $6,000 a month, which results in an overall cost of $72,000 per year.
The die cleaning process would not be necessary for non-plated steel. To determine the cost savings that
would result, by eliminating the zinc plated steel, the yearly cost to clean the die forms was divided by the
estimated number of parts per year. The calculations for dieware cost can be found in the following table,
Table 3.5.
25
Table 3.5: DieWareCost
Cleaning Cost per Year Number ofParts Produced per
Year
Cost Incurred ($/part)
72,000 ($/yr) 70,000 (parts/yr) 72 .000 (5 /vr)
70.000 (Parts I yr)
1.00(5/ pan)
Result
The elimination of zinc plated steel results in a cost savings of $1.00 per part.
3.6.4 Exhaust System Expense
Safety regulations require that an exhaust system be utilized when welding zinc plated material. An
exhaust system is necessary because of the toxic fumes that the zinc plating releases when welded. The
required exhaust system costs approximately $300,000. The individual cost of the exhaust system per
frame was calculated by dividing the entire cost of the exhaust system by the volume of frames that would
be produced over five years. Please refer to Table 3.6 for the exhaust cost calculation.
Table 3.6: Costs Incurred by anExhaust System
Cost of the
Exhaust System
($)
Volume of Frames
per Year (parts/yr)
Total Number
ofYears (yr)
Cost Incurred ($/part)
$300,000 70,000 5 [300.000 ($) ] =
.86 ($/part )[70.000 (Paits/yr )]*5(vr)
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Result
The elimination of zinc plated steel means that an exhaust system would not have to be installed. The
elimination of the exhaust system would results in a cost savings of $.90 per part.
3.6.5 AfterTreatment LineExpense
The use of zinc plating in a weld process has many disadvantages. One disadvantage of welding zinc
plating is that a great deal of weld spatter is produced. Weld spatter is created because the weld pool must
first break through the plating before it can penetrate the steel. When the weld breaks through the plating
spatter is created. The spatter can appear on many critical areas such as pins and shafts.
Weld spatter can be prevented or reduced in three ways. The first method of prevention is masking the
exposed shafts. Although this method is successful in preventing spatter, it is time consuming. This
method is time consuming because the masks must be placed on the shafts and removed by the operators.
In the long run this extra time means fewer frames produced per shift. For this reason extra operators must
be added to compensate the loss of production. Therefore, the extra number of operators that need to be
employed increases the overall cost of the frame.
The second way to reduce weld spatter is to manually scrape the spatter off of the appropriate areas. For
the same reasons as just mentioned this method is both time consuming and costly.
The third way to eliminate weld spatter is to use non-plated material. Non-plated material produces a great
deal less weld spatter.
The other disadvantage of welding zinc plated steel is that achieving good weld penetration is difficult.
The nature of the zinc plating is to provide a protective surface for the steel, therefore, the zinc creates a
barrier. Because the zinc acts as a barrier, it is difficult for a weld to fully break through the barrier and
penetrate the steel. When this situation occurs a "cold
weld"is created. A cold weld is unstable and
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generally breaks. The continual breaking of welds caused a need for an after treatment station. An after
treatment station consists of a weld area and an operator. The additional operator creates an additional
expense for the overall cost of the frame.
The cost of an after treatment area can be calculated by examining the cost to employ additional operators.
The average operator's salary times the number of operators required, divided by the number of parts per
year results in the additional cost per frame. The calculations for the after treatment line cost can be found
in Table 3.7.
Table 3.7 : Costs Incurred forAfterTreatment Line
Yearly Salary For
1 Operator per
Year ($/person
year)
Number of
Operators
Required
(people)
Volume of
Parts per
Year
(part/year)
Cost Incurred ($/part)
60,000 4 70,000 60 ,000 ($ / person yr) * 4 (people)
equals 3.43 ($/part)
|70 .000 ( parts/yr) |
Result
The after treatment line costs an additional $3.50 per frame.
3.6.6 ElectrodeDepositionCoating - TheAlternative to Zinc Pre-plate
The frames require a protective coating to keep them from deteriorating over time. The zinc-plating was
applied to the steel to protect the frames. However, as previously discussed, the zinc coating is a costly
method of preservation. An economical alternative to zinc pre-plate is the electrode deposition coating, e-
dip, process. The e-dip process was estimated to cost approximately $5.50 per frame.
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Result
The total cost to E-dip a frame is $5.50.
3.6.7 Summary ofResults
The current material, zinc pre-plate, incurs several expenses that would not be necessary if a non-plated
material was used. The total excess cost that can be attributed to zinc pre-plate is $2.75 per frame. If E-dip
was utilized instead of the zinc pre-plate the total cost savings per year would be approximately $200,000.
Please refer to Tables 3.8 and 3.9 for a cost summary.
Table 3.8: Costs Incurred by Producing a FrameMade of Zinc PlatedSteel
Zinc Plated
Material
Die Ware Exhaust System After Treatment
Line
Total ($/frame)
11.50 1.00 .90 3.50 $17.00
Table 3.9: Costs Incurred byProducing a FrameMadeofNon-Plated Steel frame
Non-Plated Steel Material E-Dip Total ($/frame)
8.75 5.50 $14.25
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Chapter 4: Finite ElementAnalysis
4.1 Introduction
As previously discussed in the introduction, the locations and sequence of the welding is currently
determined only through logic, experience, and experimentation. Since there is not a method currently in
use that allows a person to predetermine weld location, I decided to investigate the possibility of
implementing a method to help determine weld location.
My experience with finite element analysis (FEA) led me to believe that FEA would be a good method for
predetermining weld sequence and location. To test my theory I wanted to utilize FEA to examine the heat
transfer of the welds on a part and then compare the results to experimental test results.
4.2 Part Selection
In order to test the heat transfer and distortion due to welding, I needed the material that was being utilized
on the frame. The rail from the ladder sub-assembly was chosen for modeling and experimentation because
it was known to have experienced a slight deformation during welding. The slight distortion of the ladder
was noticed because the individual parts fit nicely into the sub-assembly fixture, however, when the sub
assembly has been welded the sub is extremely difficult to remove from the fixture. The deformation was
further observed in the next step of assembly. The next assembly step requires that the sub-assembly be
placed into the final assembly fixture. Due to distortion the sub-assembly is often times difficult to place in
the final fixture.
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4.3 Modeling
The ladder was modeled on Algor SuperSap finite element software. Professor Ti-Lin
Lui22
of Rochester
Institute of Technology provided the modeling. The first steps in modeling the welding of the rail was to
draw a model and create meshing. Please refer to Figure 4.1. Next, the welds and parameters were added.
The welds were ascertained to be approximately
2700 F. This temperature was determined from the
melting point of the steel. The six welds that were modeled were assumed to occur simultaneously in an
ambient air temperature of
70 F. In addition, the weld model was assumed to be steady state heat transfer.
The heat transfer model included conduction, convection, and radiation. Figure 4.2 displays the heat
transfer results throughout the rail. Once the heat transfer model was complete, the distortion could be
determined. The distortion of the rail can be found in Figure 4.3. Note this picture is scaled in a manner
that exaggerates the distortion, refer to the right corner of the picture for numerical results.
Figure 4.1 : Model andMeshing of the Rate
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Figure 4.2: HeatTransferThroughout theRail
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Figure 43: Distortion Results for theRail
Supeiview [Linear Stress) - A:\FRMXD.sst
Fte E* Heto
? ALGDR-V
STRESS-DI
disp Opt
MM
Hidden I
Light
*Post
Aux post
General
lgnd boX
"Smoothed
Wax abs
Bitmap
Do dither
^_
A
...
Displacement
, r D.DEB15L 0.DE5B1
D.DE3HG
D.DS111
D.D1BTT
D.D1EH2
D.01HDB
r D.01113
jg- 0.DD33B
D.DDTDH
n.ooHEg
V D.DD235
D.
[Esc]
'Help 2Undo
;lnp 4Snop
5Cur BSwtc
7Big 8Wenu
9Top ODraw
Dither Method = Vector: Translation
Display Min=0, Uax=0.02BI52
[Auto range] [Hp frills]
File:F8UXD S=N LC 1/ 1 Vu= 7
A *<
X=-1.5349 t=-1.8B90 Z=-0.2504
32
4.4 Experimental Testing
The purpose of the experimental tests was to determine the actual temperature distribution and the
deformation of the part due to welding. These results were then to be compared to the results predicted by
Algor FEA modeling.
The experimentation was accomplished by manually welding the rail to two of the adjoining three piece
parts. The manual welding was done in a manner that was consistent to the actual robotic welding that
occurs. The temperature distribution was measured through the use of Tempilsticks. Tempilsticks
resemble a pencil and are manually applied to the surface of the temperature to be measured. They are
used to indicate maximum temperatures and have a range of 200 to 2200 F. Tempilsticks are sold with
an advertised accuracy of \%. Thermocouples were taken into consideration. However due to the
dynamically changing temperatures, the thermocouple readings could not be accurately taken.
4.4.1 ExperimentalResults
The weld test was performed and set up by the R.I.T. mechanical technology senior design
team23 The
first trial performed did not produce results. There were two reasons for the lack of results: 1) The
tempilstick range was to high. The tempilstick range was determined from the results Algor predicted.
However, the tempilstick did not melt in the expected range. 2) A thermal resistance was created from the
zinc plating. The thermal resistance created by the zinc plating prevented the heat from transferring from
original weld to the tempilstick chalk. These two complications were overcome by utilizing both a lower
range in the tempilstick temperatures and by removing the zinc plating. The zinc plating was removed by
sanding the surface of the part. Groves were then made in the part and the tempilstick chalk was placed in
the <roves. These solutions proved to be positive. The corresponding results to the second test turned out
to be similar to what was predicted using finite element analysis. The melted chalk lines were very similar
to the thermal lines modeled in Algor. Figure 4.4 displays the melted thermal chalk lines created after
welding.
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Figure 4.4: Thermal lines created aftermanuallywelding the rail.
The distortion was also measured on the manually welded rail. Distortion measurements were made by
measuring the change in height of the bar. The measurements were read by placing the welded pieces on a
flat marble surface. The first measurement was taken at the outside non-welded edge. The gage was then
moved toward the opposite side and six more measurements were made. Figure 4.5 displays the measuring
process.
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Figure 4.5: DistortionMeasurements of theManuallyWelded Frame
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4.5 Comparison ofResults
The numerical results from both the Algor data and the experimental data were determined. Tables 4.1 and
4.2 display the numerical results for Algor and experimental data. These results were graphed on the same
plot so that the data could be compared. Figure 4.6 displays the comparison of the Algor and experimental
results for the temperature distribution as a function of radial distance from the center of the weld. From
this graph it can be seen that the Algor and experimental results are numerically not the same. However,
the data does display the same shaped trendline for both sets of data. The same shape trendline is important
because it demonstrates that although Algor over estimates the actual heat that is transferred throughout the
part, Algor can be used to predict the general way the temperature will be distributed throughout the part.
A correlation can be calculated for the Algor results. The correlation can be used to more accurately
predict the temperature that would be seen by the physical part.
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Figure 4.6: Thermal Results of Physical Experimentation. Temperature measured
radially from the centerof theweld.
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Table 4.1: Numerical Comparison Between Experimental and Algor Results for Weld
Temperature as a Function ofRadialDistance from theCenter of theWeld.
Radial Distance from
Weld (in)
Experimental
Temperature (F)
Algor
Temp. (F)
% Difference
0 2700 2700 0.0
0.104 2000 2350 17.5
0.208 1300 1800 38.5
0.3125 1000 1680 68.0
0.55 800 1280 60.0
0.75 600 930 55.0
1 400 850 112.5
1.24 200 650 225.0
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Table 4.2: Numerical Comparison Between Experimental and Algor Results for
Deformation as a FunctionofDistance from the Edge of thePart.
Distance From
Edge (in)
0 3 6 9 13
Experimental 0.0000 0.0240 0.0400 0.0500 0.0120
Theoretical 0.0000 0.0164 0.0280 0.0164 0.0000
% difference 0 31.6 30.0 67.2 100.0
The same type of correlation calculation that can be used to predict actual results from Algor predicted
results can be performed for the second graph. The second graph, Figure 4.7, is a comparison plot of the
deformation for the predicted results, Algor, and the actual results, experimental. This graph shows a
parabolic trendline for the predicted results and an off-center parabola. The trendline shape difference can
be attributed to the fact that the experiment utilized only four welds while the model utilized six welds. In
addition, residual stresses due to welding and clamping create additional deformation which would not be
seen in modeling. However, overall the trendlines appear to be very similar and the Algor values could be
used to predict part deformation.
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Figure 4.7: Distortion Curve, Measured from the Outside Edge, for the Manually
Welded Rate
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4.6 Differences between FEA and Actual Results
As seen from the graphs and tables the FEA predicted results and the experimental data did not match
exactly. There were several reasons believed to be causes of the difference.
The temperature difference can be attributed to two the facts. First, the part was modeled as a single piece
with three welds applied to it. In actuality there are three additional parts that are welded to the main part.
These three additional parts would absorb a good portion of the heat from the welds. Therefore, the main
part would see less of the heat transferred to it. Second, the fixture was also not included in the model.
The fixture acts as a heat sink, absorbing heat from the welded part.
These two reasons demonstrate why
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the temperature was lower on the welded experimental part than it was on the model. The best way to
make the model more accurately predict the actual data is to develop a correlation model. However, Algor
is sufficient to get a good idea of how the heat transfers throughout the part.
There were several reasons determined to attribute to the difference in results for the deformation. The first
reason deformation was greater in the actual part can be attributed to residual stresses. Residual stresses
occur in the part because the part is clamped down and welded. The stresses build up and when the part is
released from the fixture, the part bends. The part also becomes difficult to remove from the fixture. A
large amount of force is required to remove the part from the fixture. The part is frequently bent during the
removal process.
Another reason the actual part deformed more than the model is due to the boundary conditions that were
placed on the model. The boundary conditions applied to the FEA were different than what the actual part
was experiencing. The part had two equally spaced clamps placed a certain distance from the ends. The
FEA had its ends fixed. The fixed ends did not allow a significant amount of distortion. Since the ends
were not fixed on the actual part the part could move more towards the center. These results can be
improved by changing the boundary conditions on the model to match those of the actual parts better.
4.7 Conclusion
Although these results were not numerically accurate, FEA can be used to predict the general deformation
and heat transfer. Algor has extensive capabilities that can be utilized to more accurately model the actual
part. However, because of the reasons previously mentioned the FEA results will generally be slightly
inaccurate. Correlations can be calculated to help predict actual results. Correlations were not necessary
for this experimentation because I merely wanted to prove that FEA could be used to predict the general
trend of deformation and heat transfer due to welding.
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Overall, FEA can be used by both manufacturing engineers and designers to help improve design and
manufacturing specifications. From this experiment I was able to determine that this particular part does
indeed experience a great deal of deformation due to welding. This information can be used to help
redesign the part so that welding is either not necessary or less welding is required. As seen in Chapter 3,
this particular part was combined with the adjoining parts, thus eliminating the need for welding on the
part.
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Chapter 5: Total QualityManagement
5.1 Introduction
As part of process improvement strategies, total quality management (TQM) plays an important role in
quality processes and improvements. In order to implement TQM for the process improvement of the
production of business machine frames one must first understand the concepts behind TQM. This section
will examine the TQM philosophy and its requirements for implementation. In addition, a TQM plan will
be developed as part of the process improvement strategies for the business machine frame.
5.2 Background of TQM
Total quality management (TQM) began in the late 1940's with quality gurus such as Juran, Feigenbaum,
and
Deming.24 Although several books were written in the 1950's, the idea of total quality management
did not catch on until after this period when the Japanese decided to implement the philosophy.
Many theorists speculate that Japan decided to implement the TQM philosophy after their loss in WW II.
For what ever reason, Japan's industry transformed from a nation that produced
"cheap"
products to a
nation that made high quality products.
At the time of Japan's quality revolution, the U.S. was the world's largest industrial power. U.S. products
were generally regarded as having high quality. Because of this status, the industrial powers of the United
States did not perceive a need to change. What the industrial society failed to anticipate was the fact that
quality standards would improve substantially
in the upcoming
decades.26 Due to this lack of foresight, the
United States lost its stronghold in industry.
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Today, the same struggle rages on between companies and nations alike, with the predominant emphasis
being on the production of quality products. The TQM process has become predominant in industries
around the world as they work to produce quality products. As the competition to produce higher quality
products has increased, so has the predominance ofTQM.
5.3 The TQM Philosophy
The total quality management philosophy has the single purpose of improving the performance of a
company. TQM philosophies advocate that all aspects of the company must be well managed. In
addition, these philosophies advocate that all employees be well trained with adequate authority to perform
their jobs effectively. TQM teaches a philosophy of defect prevention in which a broad interpretation of
the term
"defect" includes unsatisfactory performance in terms of product, information, or achievement of
goals to internal customers and external customers as well as management. TQM also includes a good
feedback system so that problem areas can be quickly identified and improved.
Through the use of TQM, companies see a result of better products; delighted customers; a more interested,
involved, and dedicated work force; more efficient use of resources more effective and responsive
suppliers; improved quality and productivity; greater market share; and higher profits.
29 Overall, TQM is
the system of activities directed at achieving delighted customers, empowered employees, higher revenues,
and lower costs.
5.4 Common Obstacles of TQM Implementation
There are several
problems31
that companies face when trying to implement the TQM philosophy. These
problems include the following:
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Underestimate of the time and resources required.
32
Frequently management is under the assumption that
the quality projects can be added on top of the employee's work schedule. However, since quality projects
typically consume approximately 10% of work time for each person involved, other activities must be
delayed or eliminated. Management should also devote 10% of their time to quality projects.
Failure to explain the importance of the TQM process. Upper management should spend time explaining
why the TQM process is important to their employees. Failure to clearly explain the motivation behind
implementing the TQM process will result in a lack of support by line employees.
Lack of leadership by upper management. 33 Upper management leadership and enthusiasm is an important
aspect of implementing TQM. An organization can not be expected to follow through with projects when
their management does not display an interest in the project. Without upper management commitment
quality projects are bound to fail.
Decision making authority is not delegated to lower levels in the organization. Empowerment is an
important aspect in any project. Line employees should be given the training and initiative to make
decisions regarding quality issues. Decision making authority allows the employees to feel as if they are an
important part of the project. In addition, the managers will spend less time on decision making.
5.5 Overcoming the Obstacles
In order to avoid the obstacles just described and to obtain TQM, the following agenda must be ensued:
Identification ofKey Process Parameters and Product Characteristics
Determination of Type ofQuality Issues
Management Support
Work Force Empowerment
Employee Training
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Control Strategy
Process Improvement
Although these topics are not new, bringing them together in one setting allows for a powerful connection
between the above objectives.
5.5.1 Identification ofKey Process Parameters andProduct Characteristics
The first step in the TQM process is the identification of key process parameters and product
characteristics. The identification of these items is important if an organization is to truly understand their
process.
An organization can determine process parameters by identifying all the variables that go into the process
of producing the product. Once the variables are known, methods for controlling them can be identified.
Product specifications can be determined by communicating with the designers and the customers. The
specifications of a product are important because deviating from these characteristics can produce a
defective part.
The process variables for the frame were found to fall under three major classifications. These
classifications are as follows:
1 Operator Variability
2 Part Variability
3 Robotic Welding Variability
Please refer to Appendix G for a complete list of process parameters for the business machine frame.
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Next, the important product characteristics were defined. These characteristics were determined to be:
1 The product must be free of weld spatter. Weld spatter is accumulated on the part when the electrode
heats the metal to liquid form and the liquid then sprays onto the part.
2 All welds must fully penetrate the material. Full weld penetration occurs when the material is heated
sufficiently enough to melt and combine both the filler metal and the part metal for the full depth of
the part.
3 All welds should be intact, no missing welds are permitted.
4 No weld blow throughs (holes) are permitted. Weld blow throughs occur when the material is heated
to an extreme temperature and the metal liquefies to the point where the material melts to an extreme
such that a hole is left behind.
5 The welds must not interfere with any parts that are to be assembled on the frame. Therefore, welds
must not exceed the print tolerances for interference.
6 The frame must meet dimension specifications.
5.5.2 DeterminationofQuality Issues
An organization must determine what type of quality issues they face before they can implement a quality
plan. There are two types of quality problems that occur in manufacturing. These problems are known as
sporadic problems and chronic problems.
A sporadic problem is a sudden, adverse change in a manufactured unit. This type of problem can be
eradicated by correcting the source of the error (e.g. cleaning gas nozzle). The second type of problem,
chronic, is a long-standing adverse situation, which requires remedy through changing the source of error
(e.g. unrealistic design tolerances).
Sporadic problems are dramatic problems that occur without
notice.37These are the type of problems that
tends to stop production. For this reason, sporadic problems
tend to take precedence over chronic problems
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and are generally dealt with immediately. As a general rule, the quality issue to be tackled first will be the
one that is be prohibiting production and is considered critical. For example: if you are producing a
product that can not be used in the assembly area because of a certain defect, it is necessary to correct that
defect first before correcting another.
The main problem with sporadic problems is that they continually take priority over the chronic problems.
Oftentimes chronic problems are viewed as inevitable and accepted. This acceptance results in higher
production costs due to unnecessary errors and reworks. Addressing chronic issues results in an improved
level of quality as well as lower costs due to defects.
The most realistic way of dealing with these problems is "project by
project."38In other words tackle one
quality issue at a time. This method will ensure completion and implementation of each goal. One method
of resolving chronic quality concerns is through continuous improvement. Continuous improvement will
be discussed later in this paper.
In order to eliminate quality problems management needs to be made aware of the various problems and
their impact. Identifying the various problems within the two categories, sporadic and chronic, is the first
step towards management awareness.
The sporadic problems were determined to be as follows:
Weld blow throughs.
Missing welds.
Broken welds, i.e. the material was not fully penetrated.
Weld spatter on critical areas such as pins.
Dimensional incorrect frames.
Excessive weld that interferes with mating parts.
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The major chronic problem was identified to be:
The weld spatter that is caused by the zinc plated steel. This is a chronic problem because it requires a
design change to implement the solution.
5.5.3 Management Support: Proving theNeed
Chronic problems tend to require a great deal of resources and time to resolve the issue. For this reason,
the first step in establishing a quality plan is to "convince the appropriate level of management that the
quality issue is significant enough to require a new
approach."39
There are two steps that must be taken to gain management approval. The first step is to demonstrate the
size of the quality problem through factual data.
The best way to demonstrate the need for improved quality factually, is to show studies on the costs
incurred because of poor quality. In addition if defective products manage to find their way to the
marketplace customers will become dissatisfied. This dissatisfaction will result in a loss of customer base.
The second step to demonstrating the need for a quality plan is to show the benefits possible from an
improvement program. These benefits can then be used to justify the resources required for the project.
Such justification is helpful because it quantifies the size of the quality loss and the size of the potential
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savings.
The current problems on the weld line prompted the need for a temporary after treatment line (ATL). As
discussed in the frame redesign section an ATL reviews the welded frames for any defects and then
corrects the problem. The problem with the ATL is that it requires extra operators to fix the defects. The
additional operators cost the department money. The additional cost was not taken into consideration when
the department bid on the job. Therefore, there is a great need to improve the process such that the ATL is
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no longer needed and costs can be reduced. Please refer to the material cost section of the frame redesign
for cost analysis and design solution.
In addition to costs, defects sometimes reach the customer, which is the assembly line. When the customer
finds a defect, the defect is reported and counts against the departments overall defects per million. The
customer then ships the frame back to the welding department. The welding department must then repair
the frame.
In order to demonstrate the need for process improvement, the operators will need to record the defects per
frame. The sum of the defects can be put in terms of an overall percentage. This percentage can then be
presented to upper management. As previously discussed the total cost of the ATL can also be analyzed.
The cost analysis demonstrates that improved quality results in reduced cost due to defects. Presenting
management with these facts allows them to make unbiased decisions regarding quality.
5.5.4 Empowerment
"Since the beginning of organized endeavors, managers have sought to motivate
workers."
Many
motivational techniques have been applied, but none have been as successful as empowerment.
Empowerment is the process of breaking down the hierarchy of corporate positions. The TQM process
seeks to eliminate these boundaries by creating partnerships between workers and managers.
With the implementation of a partnership comes certain responsibilities that each member must adhere to.
One of these responsibilities is keeping communication and information open to all parties involved.
Shared information should include both positive and negative information. By sharing positive information
with the employees they feel as if they are part of a team and are proud to be working at the company. The
sharing of negative information
aids in stimulating employees to think about how they might work to
improve things.
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There are several methods that can be implemented to keep an employee informed and up to date on
company activities. One method of dispersing company news is through newsletters and email. To keep
the employees informed and up to date internal newsletters prove to be a useful tool. Newsletters inform
the employees of any new products that may be coming out along with any other relevant information. In
addition to newsletters, email notices are also informative. The email notices provide information on
upcoming company sponsored events, internal promotions, and information on TDS funds performance.
Another method of keeping employees involved is through departmental meetings. Departmental meetings
allow employee involvement in dealing with issues and plans that impact their organization directly.
Departmental meetings can be set up on a daily, weekly, or on a monthly basis. Because the business
machine frame company has a large amount of employees, it is unrealistic to expect to inform every
employee about every action in the company. Departmental meetings allow employee involvement in
dealing with issues and plans that impact their organization directly.
Another responsibility of a partnership is effective listening and team problem solving. Frequently the term
empowerment gets used to pass responsibility off to a subordinate employee. For example: management
"empowers"
the line employees to inspect the products that they are producing. Because management feels
that the employees are empowered they no longer follow through to investigate how the product is running.
When the product is found to be defective management blames the employee for not taking steps to
improve the defect, while the line employees blame management for inadequate support. In this example
one can see that there was a large gap in not only communication but also effective listening and team
problem solving.
A method for improving team problem solving and listening is group meetings. In group meetings each
person is given an equal opportunity to discuss their concerns. After the issues are talked about, methods
for resolving the issues are reviewed. Daily meetings should be held when there are urgent quality issues
that need to be resolved. For the frame department I recommend the implementation of daily meetings to
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resolve production issues. Everyday all members involved in the production of the frame should meet and
discuss any problems they had with production for that day. Each person will be given an equal
opportunity to discuss their concerns. After the issues are talked about, methods for resolving the issues are
reviewed .
In addition to communication meetings, employees should be informed why the TQM process is important
and how it affects them. This information can be conveyed by both management and training classes.
5.5.5 Training Strategy
The implementation of a training strategy is an important part of any improvement process. Historical data
proves that people are generally more effective and productive when they are familiar with the product they
are producing and the process by which it is manufactured. The overall effectiveness of an employee also
increases as the person learns about the vision and strategy of their organization.
* In order for TQM to be
properly implemented, training is essential.
Training of employees tends to be expensive and requires extensive investment. However, because the
ultimate success of an organization depends on the dedication and ability of the organization's people, the
cost of the training is worth the investment. The training to be provided to an employee depends upon their
function. However, all training should have the overall correlation to quality, productivity, and
effectiveness. Training plans should be incorporated into the organizational strategy if people are to view
themselves as partners in the corporation.
All employees need to be trained in the area of TQM if it is to be successfully achieved. TQM
implementation can not occur unless everyone, at all levels and every department in the organization,
understands TQM practices, concepts, and implementation methods.
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5.5.5 TrainingNeedsAnalysis
Training for an organization will vary from individual to individual. In order to determine what type of
training to offer and to who, a training analysis chart can be developed. A training analysis chart is
constructed by first identifying the knowledge and skills needed in each department to achieve the
organizations objectives.
M
Once the desired skill set is determined, a matrix should be set up. The matrix
should consist of potential training topics down one side and staff members along the top. The matrix
should then be filled in by checking off each skill that an employee possesses. Training should be arranged
for any employee with blank spaces remaining.
The training of the business machine frame department's employees can be determined through the use of a
training needs analysis chart. The training need analysis chart would look similar to Table 5.1.
The training need analysis chart demonstrates the current abilities of the department's personnel. From this
chart it can be seen that the operators need additional training in the areas of quality and TQM. Some
operators also need training on robotic operations.
Appropriate training can be reviewed and determined by the team and put into action by management. The
employees can either be sent off site for training or remain on site. Generally on site training requires a
minimum number of attendants. Therefore, organizations may collaborate and offer training to their
employees at the same time. The cost of the training will vary according to the length of the training and
the location (some classes may require more extensive traveling than others).
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Table 5.1: TrainingNeedAnalysisChart
Upper
Management
Management Quality
Engineer
Manufacturing
Engineer
Operator
TQM X
Weld Certified NA NA NA NA Some
personnel are
qualified
Operation of
Robots
X ,x
Understanding
of Process
Requirements
X
Understands
Quality
Requirements
X
SPC capable X
X person has some knowledge
* person has no knowledge
Person is considered to be an expert
5.5.7 Control Strategy
A control strategy is a process that is employed to meet specifications and standards of a given product.
The control process consists of observing actual performance, comparing this performance with some
standard, and then taking action if the observed performance is significantly different from the standard.
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Therefore, a control strategy is the process used monitor performance and execute changes. One type of
control strategy is statistical process control (SPC). SPC will be discussed in greater detail in chapter 6.
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A control strategy involves the following seven steps
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1 . Choosing the control subject. Choose what it is we intend to regulate.
2. Choosing a unit of measure.
3. Setting a goal for the control subject.
4. Creating a sensor which can measure the control subject in terms of the unit ofmeasure.
5. Measuring actual performance.
6. Interpreting the difference between actual performance and the goal.
7. Taking action if there is a difference.
A control strategy is necessary to ensure that product specifications are being met. An example of the
seven step strategy as applied the business machine frames are as follows:
1 The control subject for the copier frames is the critical dimensions. Overall, 50 dimensions were
deemed critical.
2 The frames are measured in metric units.
3 The critical dimensions of the frame should statistically fall within a six sigma deviation.
4 The critical dimensions should never exceed the nominal dimension plus the tolerance.
5 The frames are measured by a coordinate measuring machine (CMM). The CMM is an automated
machine that has been programmed to measure specific dimensions on the frame.
6 The actual dimensional measurement is recorded by the CMM. This measurement is compared to the
desired dimension. If the actual measurement is out of tolerance then corrective action is required.
7 The corrective action for adjusting a dimension on a frame is to first determine whether the error is
sporadic or chronic. If the error was sporadic then the error is unlikely to occur again. However, if the
error is chronic the fixture or process may need to be adjusted.
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The quality personnel as well as the manufacturing engineers are responsible for monitoring dimensional
quality. In addition, the manufacturing engineers are responsible for implementing any necessary fixture
changes.
5.5.8 Continual Process Improvement
Continual process improvement is the process of making slow, gradual improvements in the function of an
organization. Continual improvement is an integral part of TQM and should be used as part of a long-term
initiative to improve quality. This method of improvement is important because it changes the overall
practices in an organization. Continual improvement has little disruption to the organization and is
relatively low in cost.
47 A process flowchart can be used to identify areas in need of improvement.
The continual improvement process flowchart requires six steps to improve process quality. The steps are
as follows: 48
1 . Define the area to be improved.
2. Identify problems in the area.
3. Identify the causes of the problems.
4. Identify solutions to the causes.
5. Implement the solutions.
6. Standardize new performance levels.
An emphasis on quality can be supportive by identifying and eliminating the causes of errors and rework,
thereby reducing costs and making more units of product available for meeting delivery
schedules.49
In the opinion of many Gurus, such as Juran, the continuous improvement process is a lengthy process that
could take up to five years to implement. After reviewing the manufacturing process for the business
machine frame, a suggested continual improvement process would be as follows:
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1 The area in need of improvement is the robotic weld cell.
2 The current problems are weld spatter on critical areas, missing welds, weld blow through, and welds
that are too large.
3 The causes of the problem are: material has a plating that induces spattering; the current weld wire is
too large, which cause large welds to form.
4 Solutions for the problems are manufacturing the frames out of a material that is not plated; and
changing the thickness of the weld wire.
5 The implementation of new weld wire into the robotics cell would take approximately eight months.
The reason the change over would take so long is because the robotics would have to be re-
programmed and the weld wire would have to be ordered. Finding a new material for the weld cell can
take much longer because it requires a design change.
6 Implementing the changes discussed will result in increased quality. The increased quality then
ensures a new standard of performance.
5.6 Conclusion
Over the past 20 years TQM has demonstrated its importance through its positive impact in many
industries. I feel that the implementation TQM strategies as discussed will also create a positive impact in
the business machine frame organization.
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Chapter 6: Statistical Process control
6.1 Introduction
In addition to total quality management, statistical process control (SPC) is an important tool in quality
management. SPC is "the application of statistical methods to the measurement and analysis of variation in
any
process."A process can be defined as an "unique combination ofmachines, tools methods, materials,
and people engaged inproduction."51This section will examine the SPC process as applied to the business
machine frame.
6.2 History
Statistical process control was first developed in the 1920's. " The concept of SPC was used extensively in
WWII by both the UK and
USA.5 However, the concept died out and lost importance after the war ended.
In the 1950's SPC made its comeback when W. E. Deming took the concept to Japan. The Japanese
applied the concept to their industries and proved that SPC saves money and attracts
customers.54Japan's
market share started to increase steadily, while the world's economic powers began to loose market
share.55
The economic power that lost the most market share was the United States. This loss ofmarket share
forced the industries in the U.S. to examine their quality techniques.
6.3 What SPC Is
Statistical process control is a tool used for promoting and maintaining product quality in
industry.56 SPC
can lead to:
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1 Reduced manufacturing costs, due to
less57
Scrap
Rescheduling
Inspection/re-work
2. Increased reputation and customer satisfaction.
3. Increased product yield.
These improvements occur because SPC forces quality awareness, which ultimately leads to reduction or
elimination of non-comforming products (products that do not meet specifications).
In addition to the above improvements, statistical process control methods can be used to 58
1 . Furnishes evidence of what a process is presently doing and what it might do in the future.
2. Provide an assessment of the quality levels a process is currently capable ofmeeting.
3. Guide when to look for trouble and when not to.
4. Provide clues as to where trouble is likely to occur.
5. Help towards an understanding of the operation of the system.
6.4 The SPC Process
When SPC is going to be implemented into an organization, it is important to determine the organization's
needs and then apply the appropriate tools. For the business machine frames I will be using a combination
of steps suggested by Wetherill, Brown, and Burr to establish my SPC
guidelines.59These SPC guidelines
are as follows:
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Stage 1 Process Flow
1 . 1 Process Flow Diagram. Draw a schematic diagram of the flow of the process, and note the stages or
phases in the process.
Stage 2 Determine the Problem
2. 1 Cause and Effect Diagram.
2.2 Determine the important product variables.
2.3 Utilize log books, that record information on defects and process variability
Stage 3 Explore the Process
3.1 Check Sheet
3.2 Data Collection
3.3 Analyze and interpret the data.
3.3.1 Histogram
3.3.2 Box and Whisker Plot
3.3.3 Control Chart
3.4 Implement SPC.
3.5 Training Requirements
3.6 Continuous Improvement
3.7 Identifying Progress
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6.4.1 Stage 1 Process Flow
6.4.1.1 PROCESS FLOW DIAGRAMS
A process flow diagram is necessary to document how a process works. This type of diagram gives a
visual representation of the entire process from to start to finish. Visualization allows for easy
identification of process problems.
Preparing a Process Flow Diagram
The first thing that needs to occur when making a flow diagram is brainstorming. Brainstorming works
best in a group that includes everyone who is involved in the process. The group should ask themselves
what happens first, then next, and so forth. Other important questions to look at include, but are not limited
to:
Where does the material come from?
How does the material get to the process?
Where does the finished product go?
What tests are performed on the process to ensure its stability?
What tests are performed on the product?
What happens if the product is out of tolerance?
This thought process should continue until the group has exhausted their ideas.
The following example is a list of statements representing the process flow for the production of the
business machine frame.
Receive piece parts from supplier
Stock parts in production area
Load piece parts into a three sub-assembly fixture.
Send fixture into weld bay for sub-assemblies to be welded.
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Remove three sub-assemblies from fixture.
Load sub-assemblies along with three additional piece parts into final assembly fixture.
Send final assembly fixture into weld bay and weld.
Remove final assembly from fixture.
Visually inspect frame for weld defects.
Are there any defects?
If yes are the defects repairable?
If yes fix the defects.
If no scrap the frame.
If no defects frame part on cart.
Send frame to CMM inspection.
Does the frame meet dimensional specifications?
If yes send to assembly line.
If no have engineer review the data.
Can the part be used?
If yes send to assembly line.
If no can the frame be repaired?
If yes send back to the weld cell to be repaired.
If no scrap the part.
The process steps should then be put into a flow diagram. The simplest flow diagram uses boxes and
diamonds to represent steps and decisions, respectively. For the business machine frame the process flow
diagram can be found in Figure 6.1. The process flow diagram is important because it helps to define the
process. This process definition can then be used to solve problems, control the process, improve the
process, and train personell.
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Figure 6.1: Process FlowDiagram: Production ofBusiness Machine Frames
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6.4.2 Stage 2 Determine the Problem
6.4.2.1 CAUSE AND EFFECT DIAGRAMS
The cause and effect diagram is used to organize information about a problem or a goal. This form of
analysis provides and effect method of determining possible causes of problems that occur in a process. In
addition, a cause and effect diagram allows the problem and its solutions to be fully considered.
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A cause and effect diagram is relatively easy to construct and can be completed in four steps. These steps
are as
follows:62
1 . Brainstorm all possible causes of the problem selected for analysis.
2. Classify the major causes under the headings: materials, methods, machinery, and manpower.
3. Draw a cause and effect diagram.
4. Write the effects on the diagram under the classifications chosen.
The following figure, Figure 6.2, represents a cause and effect diagram for low production volume of the
business machine frames.
From looking at the cause and effect diagram, there are four main areas that could be attributed to low
production. These areas are: welding process, worker productivity, incoming piece parts, and the fixture
transport system. From these main areas of concern it was determined that the root cause was the lengthy
cycle time. The cycle time was further investigated by having a local company perform a computerized
simulation of the weld cell. The simulation verified the fact that the concerns listed in the cause and effect
diagram were indeed major contributing cycle time problems. Furthermore, the simulation narrowed the
concerns down to the major problem, the transport system. The transport system was found to have the
longest cycle time and proved to be the largest contributing factor. It was determined that the major cause
of low production could be attributed to cycle time. In order to alleviate the transport cycle time problem, a
new weld cell is currently under investigation. The new weld cell would eliminate the need for a fixture
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transport system, thus reducing the cycle time by approximately 1.5 minutes for each frame produced. The
decreased cycle time will result in increased production by 20-30 assemblies per shift.
Figure 6.2: Cause andEffect Diagram: LowProductionVolumeofBusiness Machine Frames
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6.4.2.2 PRODUCT VARIABLES
For the manufacturing process of a business machine frame there are a multitude of variables that define
the quality of the product, as well as a large number of process parameters. The variables were determined
by looking at the components used to produce a frame. These components are: tooling, piece parts, and
welding equipment.
In addition to process parameters, quality variables were also examined. The quality variables were
determined by referring to print specifications, as well as customer requirements. The main quality
parameters are: welding, dimensional quality, and part quality. Please refer to Appendix G for a complete
list of quality variables and process parameters for the
business machine frame.
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6.4.2.3 LOGBOOKS
Recording defects and process problems on a daily basis is an important step in identifying key problems.
Defects and problems should be recorded by operators as well as engineers. I implemented a process
logbook upon the production start of the business machine frame. Please refer to Appendix H for an
example of two pages utilized in the logbook.
The process logbook was used to record any weld defects and their location as well as weld cell down time.
In addition to recording problems, the logbook was utilized to record any changes made to the robotic
program. Because the business machine frame department operates on a three shift rotation, the logbook
proved to be a useful tool for communication between shifts.
In addition to the logbook, a daily meeting was implemented to discuss any issues encountered in the weld
cell for the day. Topics of discussion were open to any problems the operators had during the day, as well
as customer issues and any other topics that needed to be covered. Both engineers and operators were
encouraged to attend the meetings. Overall, the logbook and daily meetings helped improve
communication between the engineering staff, and the various shifts.
6.4.3 Stage 3 Explore the Process
6.4.3.1 DATA COLLECTION
An important step in the SPC process is knowing what kind of data to collect and how. In order to
determine what type of data should be collected it is necessary to look at the list of quality parameters that
were previously determined, please refer to Appendix G. From this list, important quality aspects that can
measured should be looked at as possible data to be analyzed.
My list of quality parameters revealed that both dimensional specifications and welding errors were
measurable quantities. Dimensional specifications were chosen as the quantity to be inspected because
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weld errors could be visually inspected for quality, were as dimensional quality could not be. Part quality
was not considered for quality inspection because the parts have been inspected prior to receiving them at
the production line.
Once the category to be inspected has been decided upon, it is important to specifically choose what it is
that should be measured within that category. Knowing that the dimensional quality of the frame was to be
inspected, the specific dimensions to be measured had to be determined. These measurements were
determined by referring to the print specifications. Since there were approximately 50 critical dimensions
on the frame, these were chosen as important specifications to be measured.
6.4.3.2 MEASURING THE DATA
Determining how to measure the data and what to measure it with is a critical step in data collection. This
step is of great importance because if the data measurements are taken incorrectly the information provided
can be quite misleading. The inspection equipment chosen should be both precise and accurate. If the
equipment is not precise or accurate, the inspector and engineer should be made aware of these deficiencies
in order to make adjustments in the data collected.
The dimensions that needed to be measured for the frame had very tight tolerances. In order to
accommodate for both the numerous amount of data that needed to be collected and tight specifications, a
coordinate measuring machine (CMM) was decided upon.
The CMM was programmed to measure the 50 critical points along with any other measurements that were
of concern. The data collected from the CMM is simultaneously printed and stored on disk in the form of a
spread sheet. The data could then be transported to MS Excel for analyzation.
6.5.3 Checklists
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Check lists are an important tool that helps ensure the quality of the product being produced. They can be
used on a daily basis by personnel to ensure certain aspects of a part are being visually inspected. In
addition, check lists can be used to notify operators to watch for non-conformances.
Check lists were implemented as a tool at the frame welding cell. Please refer to Appendix I for an
example. The checklist is used by the operators to visually inspect the frame for the items listed. If any
problems are detected, the operator repairs them. The operators initial and date the sheet to verify that the
check has been completed. The check sheet is used before sending the frame to inspection. This method
saves a lot of time because if a frame is sent to inspection and a defect is found it has to be sent back to the
weld cell to be corrected.
6.4.3.3 ANALYZING AND INTERPRETING THE DATA
Understanding how to analyze and interpret the data measured is of fundamental importance if the data is
going to be of any use. The interpretation and analyzation is based on statistical evaluation of the data.
Industry will frequently use tools such as SAS or Minitab to aid in the evaluation of the data collected.
These tools are used to determine information such as: the shape of the data, the spread of the data, location
of the data. The shape of the data refers to how its pattern, symmetry, peakedness, etc.. The spread of the
data is the amount by which smaller values differ from larger ones. Finally, the location refers to the
typical value of the distribution.
There are various graphical methods utilized to determine the shape, spread, and location. Three of these
tools are histograms, box and whisker plots, and control charts.
Histogram
A histogram is a form of a tally count used to display data collected. Histograms are useful in visually
describing what the shape of the data is. A plot of a histogram can reveal whether or not the data is
normally distributed, or if it is skewed in some way. In addition, histograms give us information about the
location of the data and its spread.
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Box and whisker Plot
A box and whisker plot is a simple way of demonstrating the spread and location of data. Box and whisker
plots contain information about the mean,
1st
quartile,
3rd
quartile, and any possible outliers. The main
benefit of box and whisker plot is their capability of comparing numerous sets of data.
Control Charts
A control chart is used to monitor and control how a process is performing over time. By displaying where
the process lies in relation to the upper and lower control limits, control charts enable the user to detect
problems as they occur, and to predict problems before they occur. This type of charting is useful to
display on the shop floor, because it gives the operators visible information on how the process is running.
Through control charting quality can be built into the process.
For the business machine frame I recommend utilizing the capabilities of the coordinate measuring
machine and the power of a statistical program to collect data. The information collected by the coordinate
measuring machine can be directly loaded into a statistical program. The program can be utilized to create
plots and diagrams such as those just discussed. These plots can then be used to track the progress and
predict were the process is headed. Necessary adjustments can easily be determined by reading the data.
The graphs and plots should be posted in the production area for personnel to refer to. Posting the
information keeps both the operators and the engineers informed of their production status.
6.5 Implementing SPC
As with any quality plan management is the key to the survival of the SPC effort. Managers must
understand why SPC is important for quality. The complete integration of SPC requires all personnel to get
involved, with management leading the way. Therefore, the first step to implementing SPC is to gather a
team. A SPC team should consist of a quality representative, engineering, manager, and some operators.
The team should follow the steps outlined to help ensure a successful project.
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6.6 Continual Improvement
One of the objectives of SPC is to implement a system of quality control that not only improves the
manufacturing process currently but also continues to help improve in the future. Through charting and
analysis problems can be detected early. Changes can be made quickly so that the detected problem does
not affect production. In addition to eliminating problems detected from statistical analysis, projects can be
started to eradicate chronic problems.
6.7 Identifying Progress
Progress and improvement can be detected through decreased parts per million defects and increased Cpk
values. Customer satisfaction is another measure of performance. Both defects and customer satisfaction
can be measured. The number of defects can be measured through parts per million defects. An increase in
quality will result in a decreased number of defects. Customer satisfaction can be measured through
surveys, formal complaints, returns, etc.. Any improvements or dissatisfaction can be noted and
improvements can be made.
6.8 Conclusion
Statistical process control is an important tool that can be used to increase quality. Implementing the tools
and steps listed can help increase both quality and awareness in an organization.
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Chapter 7: Conclusion
The tools utilized for the thesis project all proved to be successful at improving various aspects of the
production of the business machine frame. The use of Design for Manufacturing concepts allowed me to
be extremely successful in reducing the total number of parts required for the frame. The part reduction
reduced the overall cycle time and the cost of the frame. In addition, the material analysis of the frame
demonstrated that using an alternative material can also reduce part cost. The replacement of the zinc
plated steel is currently being examined. Steps are currently being taken to approve a new frame with
reduced parts.
The utilization of finite elements for the pre-determination of weld locations also proved to be a useful
concept. The FEA analysis demonstrated that software can predict both the heat transfer and deformation
that occurs due to welding. Utilizing finite element analysis can save a great deal of time by eliminating
the need for engineers to experiment with weld placement on the physical parts. In addition, FEA can be
used by designers to pre-determine whether or not the material they would like to use can be welded to
design specifications. The pre-determination of appropriate material can save the need for design changes,
which equates to time and money.
Total Quality Management helps set in place a method for improving product quality. Quality
improvement is achieved through the identification of problem areas. Process strategies can then be
developed. With management support, highly trained employees, and the identification of projects and
process strategies, process improvements can be actualized. Through the use of TQM companies realize
better products; delighted customers; a more interested, involved, and dedicated work force; more efficient
use of resources; more effective and responsive suppliers; improved quality and productivity; greater
market share; and higher profits.
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Finally, Statistical Process Control provides the tools to help implement and monitor the process strategies
determined through TQM. SPC provides methods for promoting and maintaining product quality. SPC
will help increase communication between management, engineers, and operators. In addition, SPC
methods help to identify root causes of specific problem areas. SPC tools can further be used to help
maintain and improve product quality. Overall, the use of SPC leads to reduced production costs due to
less scrap, rework, and rescheduling; increased reputation and customer satisfaction; and increased
production
yield.65
All of the above tools have helped to target areas to increase product quality and/or reduce overall
production costs. Increased quality and cost reduction leads to increased market share as well as increased
customer satisfaction.
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Appendix A:
Examples ofRobotic Programs for a Sub-assembly
and aFinalAssembly
Example of a
10
Sub-as
New
semblv Program
Program Sub-Assembly
20 Dual Rob3 ST2 Fixt5R
30 Call Prog100
40 TCP1
50 Call Prog515
60 Call Prog853
70 Pos V=100% Path
80 Pos V=100% Path
90 Pos V=100% Path
100 Pos V=100% Path
110 Pos V=75% Fine
120 Pos V=100% Fine AWELD 1/4/0/0
130 Pos V=100% Fine WEND 1
140 Pos V=100% Path
150 Pos V=100% Path
160 Pos V=75% Fine
170 Pos V=100% Fine AWELD 1/4/0/0
180 Pos V=100% Fine WEND 1
190 Pos V=75% Fine
200 Pos V=75% Fine
210 Pos V=75% Fine
220 Pos V=100% Fine AWELD 1/4/0/0
230 Pos V=100% Fine WEND 1
240 Pos V=100% Path
250 Pos V=100% Path
260 Pos V=100% Fine AWELD 1/4/0/0
270 Pos V=100% Fine WEND 1
280 Pos V=75% Fine
290 Pos V=100% Path
300 Pos V=100% Fine
310 Pos V=75% Fine
320 Pos V=100% Fine AWELD 1/4/0/0
330 Pos V=100% Fine WEND 1
340 Pos V=100% Path
350 Pos V=100% Path
360 Pos V=100% Fine AWELD 1/4/0/0
370 Pos V=100% Fine WEND 1
380 Pos V=100% Path
390 Pos V=100% Path
400 Pos V=100% Path
410 Pos V=100% Fine
420 Pos V=75% Fine
430 Pos V=100% Fine AWELD 1/4/0/0
440 Pos V=100% Fine WEND 1
450 Pos V=75% Path
460 Pos V=75% Fine
470 Pos V=100% Fine AWELD 1/4/0/0
480 Pos V=100% Fine WEND 1
490 Pos V=75% Path
500 Pos V=75% Fine
510 Pos V=100% Fine AWELD 1/4/0/0
520 Pos V=100% Fine WEND 1
530 Pos V=75% Path
540 Pos V=75% Fine
550 Pos V=100% Fine AWELD 1/4/0/0
560 Pos V=100% Fine WEND 1
570 Pos V=75% Path
580 Pos V=100% Path
590 Pos V=75% Fine
600 Pos V=100% Fine AWELD 1/4/0/0
610 Pos V=100% Fine WEND 1
620 Pos V=75% Fine
630 Pos V=60% Fine
640 Pos V=60% Fine
650 Pos V=100% Fine AWELD 1/4/0/0
660 Pos V=100% Fine WEND 1
670 Pos V=75% C1
680 Pos V=100% Path
690 Pos V=100% Path
700
710
720
Pos
Pos
Pos
V=100% Path
V=100% Fine AWELD 1/4/0/0
V=100% Fine WEND 1
730 Pos V=100% Path
740 Pos V=100% Path
750 Pos V=100% Fine AWELD 1/1/0/0
760 Pos V=100% Fine WEND 1
770 Pos V=100% Path
780 Pos V=100% Path
790 Pos V=100% Fine AWELD 1/1/0/0
800 Pos V=100% Fine WEND 1
810 Pos V=100% Path
820 Pos V=100% Path
830 Pos V=100% Path
840 Pos V=100% Fine AWELD 1/1/0/0
850 Pos V=100% Fine WEND 1
860 Pos V=100% Path
870 Pos V=100% Path
880 Pos V=100% Fine AWELD 1/1/0/0
890 Pos V=100% Fine WEND 1
900 Pos V=100% Path
910 Pos V=100% Path
920 Pos V=100% Fine AWELD 1/1/0/0
930 Pos V=100% Fine WEND 1
940 Pos V=100% Path
950 Pos V=100% Path
960 Pos V=100% Fine AWELD 1/1/0/0
970 Pos V=100% Fine WEND 1
980 Pos V=100% Path
990 Pos V=100% Path
1000 Pos V=100% Fine AWELD 1/1/0/0
1010 Pos V=100% Fine WEND 1
1020 Pos V=100% Path
1030 Pos V=100% Path
1040
1050
1060
1070
1100
1110
Pos
Pos
Pos
Pos
Pos
Pos
1120 Pos
V=100% Fine AWELD 1/1/0/0
V=100% Fine WEND 1
V=100% Path
V=100% Path
1080 Pos V=100% Fine AWELD 1/1/0/0
17J90 Poi V=100% Fine WEND 1
V=100% Path
V=100% Path
V=100% Fine AWELD 1/1/0/0
1130 Pos V=100% Fine WEND 1
1140 Pos V=100% Path
1150 Pos V=100% Path
1160 Pos V=100% Fine AWELD 1/1/0/0
1170 Pos V=100% Fine WEND 1
1180 Pos V=100% Path
1190 Pos V=100% Path
1200 Pos V=100% Fine AWELD 1/1/0/0
1210 Pos V=100% Fine WEND 1
1220 Pos V=100% Path
1230 Pos V=100% Path
1240 Pos V=100% Path
1250 Pos V=100% Fine AWELD 1/1/0/0
1260 Pos V=100% Fine WEND 1
1270 Pos V=100% Path
1280 Pos V=100% Path
1290 Pos V=100% Fine AWELD 1/1/0/0
1300 Pos V=100% Fine WEND 1
1310 Pos V=100% Path
1320 Pos V=100% Path
1330 SET OUTP2
1340 CALL PROG853
1350 RESET OUTP1
1360 RESET OUTP2
1370 RETURN
Example of a Final Fixture Program
10 New Prog ram Final Assembly
20 DUAL ROB 3 ST2 FIXT5R
30 Call Prog 100
40 TCP1
50 Call Prog 315
60 Call Prog 832
70 Pos V= 100 Path
80 Pos V= 100 PATH
90 Pos V= 100 PATH
100 Pos V= 100 PATH
110 Pos V= 100 FINE AWELD 1/7/0/0
120 Pos V= 100 FINE WEND 1
130 Pos V= 100 PATH
140 Pos V= 100 PATH
150 Pos V= 100 PATH
160 Pos V= 100 FINE AWELD 1/7/0/0
170 Pos V= 100 FINE WEND 4
180 Pos V= 100 PATH
190 Pos V= 100 PATH
200 Pos V= 100 FINE
210 Pos V= 100 FINE AWELD 1/8/0/0
220 Pos V= 100 FINE WEND 4
230 Pos V= 100 PATH
240 Pos V= 100 PATH
250 Pos V= 100 PATH
260
270
280
290
300
310
320
330
Pos
Pos
Pos
Pos
Pos
Pos
Pos
Pos
V=100 PATH
V=50 FINE AWELD 1/2/0/0
V=50 FINE WEND
V=100 PATH
V=100 C1
V= 100 PATH
V=100 FINE
V=100 FINE
340 Pos V=50 FINE AWELD 1/2/0/0
350 Pos V=50 FINE WEND 4
360 Pos V=100 PATH
370 Pos V=100 FINE
380 Pos V= 100 FINE
390 Pos V=75 FINE AWELD 1/2/0/0
400 Pos V=75 FINE WEND 1
410 Pos V=100 C1
420 Pos V=100 PATH
430 Pos V=100 PATH
440 Pos V=100 PATH
450 Pos V=100 FINE AWELD 1/8/0/0
460 Pos V=100 FINE WEND 4
470 Pos V=100 PATH
480 Pos V=100 PATH
490 Pos V=100 C1
500 Pos V=100 C1
510 Pos V=100 PATH
520 Pos V=100 FINE AWELD 1/2/0/0
530 Pos V=100 FINE WEND 4
540 Pos V=100 PATH
550 Pos V=100 PATH
560 Pos V=100 FINE
570 Pos V=100 FINE AWELD 1/2/0/0
580 Pos V=100 FINE WEND 1
590 Pos V= 100 C1
600 Pos V=100 FINE
610 Pos V=100 FINE AWELD 1/2/0/0
620 Pos V=100 FINE WEND 1
630 Pos V=100 FINE
640 Pos V=100 PATH
650 Pos V=100 PATH
660 Pos
670
680
690
700
710
Pos
Pos
Pos
Pos
Pos
V=100 FINE AWELD 1/1/0/0
V=100 FINE WEND 1
V=90
V=100
V=100
V=100
C1
C1
C1
"finF
720 Pos V=100 FINE AWELD 1/1/0/0
730 Pos V=100 FINE WEND 1
740 Pos V=90 PATH
750 Pos V=100 C1
760 Pos V=100 C1
770 Pos V=100 PATH
780 Pos V=100 PATH
790 Pos V=100 C1
800 Pos V=100 FINE
810 Pos V=100 FINE AWELD 1/14/0/0
820 Pos V=100 FINE WEND 1
830 Pos V=45 PATH
840 Pos V=80 FINE
850 SET OUTP1
860 Pos V= 100 C1
870 Pos V=100 PATH
880 Pos V=100 PATH
890 Pos V=100 PATH
900 ROBOT COORD
910 Pos V=100 PATH
920 SET OUTP2
930 CALL PROG832
940 RESET OUTP1
950 RESET OUTP2
960 RETURN
Appendix B:
DFA OriginalDesignResponseReport
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Appendix G:
Quality Parameters and Process Parameters
VII
QUALITY PARAMETERS:
Welding
Weld spatter
Complete penetration ofweld
Weld blow-through
Size ofweld (must not interfer with mating parts)
Broken welds
Dimensional Quality
Dimensions must fall with in specifications.
Critical dimensions must be looked at.
Part Quality
Part must be received by customer in good condition.
No bent tabs
VARIOUS PARAMETERS:
Tooling
Fits
Point ofContact
Spatter
Location
Piece Parts
Print Tolerances
Non-comforming Dimensions
Material Thickness
Plating Thickness
Material Defects
Concave/Convex Bows
Twist
Tool Ware When Creating the Parts
Welding
Torch Stand Off
Travel Speed
Wire Feed Rate
Wire Variations
Thickness
Coating
Contamination
Material
Pig Tail Curl at End ofWire
Contact Tip
Size of Hole
Cleanliness
Gas Coverage
Outside Exhaust Effects
Gas Mixture
Welding Continued...
Flow Rate
Torch Angle
Push or Pull Weld
Ambient Temperature
Did the Program Complete Its Cycle
Program Weld Sequence
Voltage
Amperage
Tolerance in Welding Equipment
+- Voltage
+- Amperage
Robot Tolerances
Appendix H:
Business Machine Frame Logbook
VIII
Process Logbook
Date_, Operator #1 ; Shift_
Operator #2 , - .
'
PLEASE DOCUMENT ANY CHANGES OR PROBLEMS VOU HAVE
ENCOUNTERED ON YOUR SHIFT.
These changes/problems include but are not limited to:
Weld moves:
TCP changes:
Weld blow throughs:
No welds:
Excessive grinding:
Down time due to maintenance repairs:
Toolmaker adjustments:
Specific robotic problems
Maintenancework orders that were called in:
Any other comments or problems
Logbook Diagram
Imnik94,
5-i:a*j4-
O
ft
r
r
IP
/
Appendix I:
Checklist
IX
Check List
Pin Splatter
GearMesh
Loose Pins
Weld "Goobers"
Welds protruding on
outer edges
J-bar (tray width)
check only if s/n after
ivlf000234
Kick bar
Bent tabs
Broken welds
OPERATOR INITIALS: DATE / 191
